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Chitosan microparticles for controlling drug delivery have been
prepared by water in oil (w/o) emulsification process. Glutar-
aldehyde is normally used as cross-linking agent for hardening
chitosan polymer into the rigid particles [1]. From the cat-
ionic charge of ammonium groups in chitosan structure,
moreover, it is also possible to cross-link the polymeric chain
by the anionic counter-ion substances. Sodium hydroxide
(NaOH) and tripolyphosphate (TPP) are the rich negatively
charged molecules that are normally used in pharmaceutical
preparations.They might be more appropriate to be chosen for
the co-crosslinking process due to its safety [2]. Therefore, this
study aimed to investigate the effect of counter-ion NaOH and
TPP agents on the properties of chitosan microparticles cross-
linked by glutaraldehyde. Metronidazole was used as model
drug loaded in these systems.
Chitosan solution (1%w/w) was emulsified in soybean oil
using 1% w/w Span80 as emulsifying agent. High speed ho-
mogenizer at 19,000 rpm was used to reduce the emulsion
droplets for 10 minutes. The 25% glutaraldehyde solution was
added into the mixture and further mixed by homogenizer for
5 minutes (A), and then the solution of either (B) 0.5M NaOH
or (C) 0.5MTPP was mixed by magnetic stirrer for 30 minutes.
Afterwards, the oil phase was filtered-out, washed by either
(1) 2 times of hexane followed by 3 times of water or (2) 5 times
of hexane, and finally dried using a freeze dryer.The morphol-
ogy was observed by scanning electron microscopy (SEM).The
particle size was determined by light scattering technique. Met-
ronidazole was extracted from chitosan microparticles and the
drug content was analyzed by UV–visible spectroscopy. Drug
release was studied using USP34 dissolution apparatus 2
(paddle) in 200 mL phosphate buffer pH 7.4 at 75 rpm and
37 ± 0.5 °C. Metronidazole was in crystal form with micron size
as shown in Fig. 1(d). In preparation into chitosanmicroparticles,
it was dissolved in chitosan solution before forming w/o emul-
sion. Therefore, its crystal form disappeared, and the particle
sizes of chitosan microparticles were smaller than that of drug
crystal. The chitosan microparticles with counter-ion (B and
C) showed the smaller particle size and more roughness on the
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surface than those without counter-ion (A) (Fig. 1).The washing
methods revealed the slight difference in the particle sur-
faces.Washing with hexane and water (1) presented the small
crystals of counter-ion on their surfaces resulting in more
roughness, while washing with only hexane (2) provided the
smoother surfaces. Moreover, washing with hexane and water
(1) could dissolve most of drug from the particles resulting to
less entrapment efficiency, while washing with only hexane
(2) provided higher entrapment values. However, the counter-
ion also decreased the entrapment efficiency of drug in
microparticles. NaOH as counter-ion provided the smallest par-
ticles with roughness on the particle surfaces; therefore, the
fastest drug release was observed (B2). Particles with TPP (C2)
provided the similar character to those without counter-ion (A2),
and the similar drug release profile obtained. However, the drug
release profiles after 2 hours of all preparations were not dif-
ferent. In conclusion, anionic counter-ions such as NaOH and
TPP could be added into preparation process of chitosan
microparticles by w/o emulsification method. However, they
slightly affected the surface character, size, drug entrapment
efficiency and drug release of microparticles.
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Fig. 1 – SEM photographs, particle size, entrapment efficiency and drug release profiles. Symbols: (A) particles without
counter-ion, (B) particles with NaOH, (C) particles with TPP, (1) washing with hexane and water, (2) washing with hexane, (d)
metronidazole.
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